INTRODUCTION {#S1}
============

Orthodontic treatment especially with fixed appliances is always associated with a constant concern regarding its side effects in the oral cavity. Orthodontic therapy changes the physico-chemical balance of oral environment and facilitates plaque accumulation on tooth surfaces. Furthermore, orthodontic treatment is usually associated with inadequate oral hygiene and subsequent increase in cariogenic bacteria, Gram-negative flora and consequent gingival and periodontal inflammation ([@R1]-[@R4]). Dental caries is a multi-factorial infectious disease and despite the great advancements in oral health, tooth caries and periodontal disease are still among the most common oral and dental diseases. Bacterial plaque is a general term that describes accumulation of microorganisms (mainly bacteria) embedded in polymer matrix of salivary and bacterial origin on tooth surfaces which plays a primary role in the pathogenicity of dental caries and periodontal disease ([@R5]-[@R9]). Oral streptococci are the first plaque forming species; of which, *Streptococcus sanguinis* is among the first responsible for formation and maturation of bacterial plaque ([@R7],[@R10]). *Streptococcus salivarius* is a common colonizer of oral mucosal surfaces especially in the dorsal aspect of the tongue, buccal mucosa, and saliva ([@R7], [@R11]). *Streptococcus mutans* and *Streptococcus salivarius* play an important role in development and maturation of caries The cariogenic properties of these bacteria are attributed to the production of insoluble glucans from sucrose, their ability to adhere to tooth surfaces and their acidogenicity ([@R12]).

Numerous efforts have been undertaken to eliminate *Streptococcus mutans* as the most well recognized cariogenic agent. Solutions and antibiotics like chlorhexidine, penicillin, ampicillin, tetracycline, vancomycin and erythromycin are extremely effective for prevention of dental caries under in-vivo and in-vitro conditions. However, their extensive use changes the microbial oral and intestinal flora and results in development of bacterial resistance, diarrhea, vomiting and tooth discoloration ([@R13]). Recognition and use of medicinal plants have a long history. According to the World Health Organization (WHO) reports, 80% of people living in developing countries believe that medicinal plants are beneficial for primary health care. Due to the increased resistance of microorganisms to the commercially available drugs, there has been a growing interest to know more about the medicinal plants and their active ingredients ([@R6], [@R14]).

Commonly called Elm-Leaved Sumac or Tanner's Sumac with the scientific name *Rhus coriaria* L. is a deciduous shrub to small tree that grows 1 to 5 meters. Its leaves comprise 9 to 15 hairy leaflets.

The term Sumac in Saami and Arami languages means red and being red in color. Today, the term Sumac is used in general for several species of Rhus plant but the most common commercially available species of Sumac is *Rhus coriaria* L. Sumac is cultivated in a wide area from the Canary Islands to the Mediterranean coast, Iran and Afghanistan. In traditional medicine, this plant has been used for treatment of anorexia, diarrhea, hemorrhage, and hyperglycemia ([@R15]-[@R20]).

To date, limited studies have evaluated the antibacterial effects of water extract of *Rhus coriaria* L. on oral bacteria and its impact on bacterial biofilm formation on orthodontic wire. Thus, the present study was conducted aiming at in-vitro assessment of the effects of *Rhus coriaria* L. water extract on five oral bacteria and bacterial biofilm formation on orthodontic wire.

MATERIALS AND METHODS {#S2}
=====================

Sample preparation {#S3}
------------------

*Rhus coriaria* L. was obtained from Nesa village in Chaloos road in October 2012 and was identified at the Pharmacognosy Department of Shahid Beheshti University of Medical Sciences under the voucher number 2 1121.

Extract preparation {#S4}
-------------------

In order to prepare the extract, 1000 ml of boiling water was added to 100 g of *Rhus coriaria* L. shade died peel fruit and the mixture was stored at room temperature for 4 hours to allow the infusion process. The obtained mixture was filtered through Whatman No.1 filter paper. The extract was dried by Bain-marie set to reach dry extract. The extract was stored in a sterile bottle at 4°C. The yield of extract was 15% (15 g of dried extract from 100g of *Rhus coriaria*. L).

Micoorganisms {#S5}
-------------

The bacterial strains including *Streptococcus mutans* ATCC 35608, *Streptococcus sanguinis* ATCC 10556, *Streptococcus sobrinus* ATCC 27607, *Streptococcus salivarius* ATCC 9222 and *Enterococcus faecalis* CIP 55142 were received from Iranian Research Organization for Science and Technology (Tehran, Iran).

Primary evaluation of the antibacterial effect {#S6}
----------------------------------------------

Microbial suspension with a bacterial count of 1.5 x 10^8^ CFU/ml was prepared with normal saline solution. The prepared microbial suspension for each bacterial strain was cultured on plates containing Brain Heart Infusion Agar (Merck, Germany) and then wells with 6 mm diameter were created. 100 μl of the extract solution prepared with sterile distilled water at 3.125, 6.25, 12.5, 25, 50 and 100 mg/ml concentrations were poured into the wells. All plates were stored at 35° C for 16-24 hours. The test repeated for three times. Afterwards, the diameter of growth inhibition zone was measured in mm and recorded.

Determination of the MIC {#S7}
------------------------

MIC is defined as the minimum concentration of the extract that completely inhibits visible bacterial growth compared to the negative control group. The macrodilution method was used to determine the MIC of *Rhus coriaria* L. Water extract of *Rhus coriaria* L. was prepared at 0.097, 0.195, 0.390, 0.781, 3.125, 6.25, 12.5, 25 and 50 mg/ml concentrations in Brain Heart Infusion Broth medium (Merck, Germany) and inoculated with the microbial suspension with the bacterial count of 10^4^ CFU/ml. A series of tubes containing the extract were considered as the negative control group while the tube containing culture medium and microorganism was considered as the positive control group. All tubes were stored at 35°C for 16-24 hours. This test was repeated three times for each microorganism.

Determination of the MBC {#S8}
------------------------

In order to determine the MBC of extract against each microorganism, 20 μl of each tube with no visible growth of microorganism was inoculated on plates containing Brain Heart Infusion Agar. After storing for 16-24 hours at 35°C, growth of microorganisms was evaluated. Each test was repeated three times. MBC was determined as the minimum concentration of the extract at which no bacterial growth was observed.

Bacterial adhesion to orthodontic wire {#S9}
--------------------------------------

In order to determine the amount of biofilm formation on orthodontic wire, viable cell count method was employed ([@R17], [@R18]). For this purpose, biofilm medium (BM) containing sterile 3% sucrose was used. Sterile orthodontic wire (Stainless Steel, rectangular, 0.016 3 0.022 inch, M Unitek, St. Paul, Minn.) was cut into 2 cm pieces and stored at 35°C for 40 hours along with 1 ml of the MIC of the extract and three lower concentrations (MIC, 1/2, 1/4 and 1/8 of the MIC) determined for each bacterial strain and prepared using biofilm medium (BM) containing 3% sucrose and also 0.1 ml of microbial suspension with a bacterial count of 10^4^ CFU/ml. The biofilm medium containing extract and a piece of sterile orthodontic wire was considered as the negative control group while biofilm medium containing a piece of sterile orthodontic wire and microorganisms was considered as the positive control group. After completion of this time period, each wire segment along with 1 ml of Phosphate Buffered Saline (8 g NaCl,0.2 g KCl,1.44 g Na2HPO4 and 0.25 g KH2PO4 with a pH of 7.2 was placed in Sonicator (Techna 3, Italy, HZ=50-60, V=230±10%, KW=0.13) for 10 minutes. Afterwards, 4 dilutions were prepared of each PBS sample (1/10-1/10,000) and microbial count was done by pour plate method using Brain Heart Infusion Agar medium (Merck, Germany). Plates were kept at 35°C for three days and after this time period the colonies were counted. The microbial count of each sample was determined separately. All the mentioned steps were repeated three times.

Preparation of samples for SEM analysis {#S10}
---------------------------------------

Orthodontic wires were placed in an incubator for 48 hours along with1.562 mg/ml of the prepared extract in biofilm medium containing 3% sucrose and 0.15 ml of *Streptococcus mutans* suspension. Samples were then washed with 0.1M PBS, stored in glutaraldehyde 2.5% and placed consecutively in 30, 50, 70, 80, 90% and absolute alcohol dilutions. Samples were then placed under the safety hood for 24 hours to be prepared for evaluation with electron microscopy. [Fig. 1](#F1){ref-type="fig"}.

RESULTS {#S11}
=======

In this study, primary assessment of the antibacterial effect of *Rhus coriaria* L. water extract was done using the well-plate method. The mean diameter (mm) of growth inhibition zone for each bacterial strain exposed to different concentrations of the extract is demonstrated in [Table 1](#T1){ref-type="table"}. *Rhus coriaria* L. water extract showed antibacterial effects on the studied bacteria since the growth of all five bacterial strains were inhibited by various concentrations of the extract. Diameter of the growth inhibition zone was proportional to the extract concentration. The size (diameter) of growth inhibition zone ranged from 11±1.0 to 31±3.6 mm. The largest growth inhibition zone as the result of exposure to extract was observed for *S. sabrinius* ATCC 27607. No growth inhibition zone was observed for any studied bacteria in extract concentrations in the range of 3.1 to 12.5 mg/ml.

MIC and MBC of *Rhus coriaria* L. water extract against each microorganism are demonstrated in [Table 2](#T2){ref-type="table"}. MIC and MBC were in the range of 0.390 to 1.562 mg/ml and 1.562 to 25 mg/ml, respectively. The lowest MIC and MBC values (0.390 and 1.562 mg/ml ) were observed against *S. sobrinus* ATCC 27607. The highest MIC of this extract was 1.5 mg/ml against *S. salivarius* ATCC 9222, *E. faecalis* CIP 55142 and *S. mutans* ATCC 35608. The highest MBC was 25 mg/ml against *E. faecalis* CIP 55142. The results of the inhibitory effects of 4 different concentrations of the extract on bacterial biofilm formation on orthodontic wire are demonstrated in [Table 3](#T3){ref-type="table"}. *Rhus coriaria* L. water extract at MIC and 1/8 of MIC reduced bacterial biofilm formation on orthodontic wire by *S. sanguinis* ATCC 10556, *S. sobrinus* ATCC 27607, *S. salivarius*ATCC 9222, *S. mutans* ATCC 35608 and *E. faecalis* CIP 55142 by 24.2-43%, 68.5-91.6%, 10.6-79.1%, 22.2-86.1% and 40.6-76.4%, respectively. Reduction of bacterial biofilm formation by *S. sobrinus* ATCC 27607 on orthodontic (68.5-91.6%) wire was achieved by a lower concentration of the extract.

DISCUSSION {#S12}
==========

Plaque accumulation and subsequent dental caries and periodontal disease in orthodontic patients are common due to the hardship of maintaining adequate oral hygiene in presence of brackets, bands, wires and elastomeric ligatures. Poor oral hygiene can eventually lead to the development of white spots, caries and hyperplastic gingival tissue requiring dental interventions other than orthodontic treatment ([@R21]). Tooth brushing and dental flossing are the gold standard for oral hygiene control by patients. Despite the high emphasis on mechanical plaque control, prevalence of oral and dental diseases is still high ([@R22]). Therefore, at present, special attention is paid to additional means for maintaining oral health like the mouthwashes since they can clinically enhance the effects of mechanical plaque removal methods.

For the first time, in 1969 the effects of chlorhexidine gluconate as an antiseptic with low toxicity and a wide spectrum antimicrobial activity were evaluated in the field of dentistry ([@R23]). Several investigators reported positive effects of chlorhexidine mouthwash on reducing microbial plaque, gingivitis and bleeding in orthodontic as well as other patients ([@R24]-[@R29]). However, its most common side effect is tooth discoloration following its consumption which is not pleasant for the patients ([@R1]). Thus, there is an increasing tendency to find medicinal plants with antibacterial properties and minimum side effects to control infectious diseases like dental caries and periodontal disease. The present study aimed at in-vitro evaluation of the effect of *Rhus coriaria* L. water extract on five common oral bacteria and bacterial biofilm formation on orthodontic wire. Very limited studies have evaluated the antimicrobial effects of this extract on oral bacteria. Therefore, comparison of the results is not feasible. Due to the extensive use of Sumac as a spice in food industry, most studies have focused on its effects on food bacteria ([@R30]-[@R33]). In general, these studies show that this extract has a more significant effect on Gram positive than Gram negative bacteria with no antiviral or antifungal effect ([@R34], [@R35]).

In a study conducted on standard and clinical strains of *Staphylococcus epidermidis* and *Corynebacterium xerosis* it was revealed that Sumac has a significant effect on cutaneous bacteria ([@R36]). Number of studies on the antifungal effects of Sumac is very limited and most of them have mentioned no significant effect on *Listeria monocytogenes, M. luteus, S. aureus, P. aeruginosa*, and *E. coli* ([@R38]). Motaharinia *et al*., (2012) reported strong antibacterial effects of ethanolic extract of *Rhus coriaria* L. on *Helicobacter pylo*ri with a MIC of 214.28(mm) μg/ml. Diameter of growth inhibition zone was ≥ 42/19 mm for 20 mg/ml and ≥ 57/28mm for 40 mg/ml concentration of the extract ([@R40]). Babpour *et al.,* in 2009 demonstrated that the alcoholic extract of *Rhus coriaria* L. had MIC and MBC of 250 μg/ml against *S. mutans* and *S. sanguinis* ([@R5]). In the present study, the antibacterial effect of *Rhus coriaria* L. water extract was determined on five common oral bacteria using the macrodilution and well-plate methods ([Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}).

Based on the results of previous studies, pure extract of Sumac fruit peel had a stronger antibacterial activity compared to the extract derived from the fruit seeds; thus, in the present study we used the fruit peel ([@R41]). The highest MIC, MBC and the largest size of growth inhibition zone were observed against *S. sobrinus* ATCC 27607 in an amount of 0.390, 1.562 mg/ml and range of 13.33± 1.52 and 31± 3.6 mm.

Difference between our results and those of Babpour *et al.,* (2009) regarding *S. mutans* and *S. sanguinis* can be due to the different method of extract preparation, type of solvent used and method of determining the MIC of the extract. All parts of Sumac plant especially its fruit contain tannins reach in phenolic compounds ([@R16], [@R17], [@R39]).Tannins are among the most potent antibacterial agents showed high antimicrobial properties. They are absorbed by the bacterial cell membrane and interfere with the metallic ions and function of bacterial enzymes ([@R5], [@R42]). As observed in [Table 2](#T2){ref-type="table"} and SEM images of *S. mutans* ATCC 35608, *Rhus coriaria* L. water extract could reduce bacterial biofilm formation on orthodontic wire in proportion to the concentration of the *Rhus coriaria* L. water extract, shows the possible relationship between active compounds present in the extract interfere with bacterial adhesion mechanisms.

This study was approved by the Ethics Committee of School of Dentistry, Shahid Beheshti University of Medical Sciences. The authors would like to express their gratitude to the Research Deputy of School of Dentistry and Department of Pharmaceutics School of Pharmacy, Shahid Beheshti University of Medical Sciences for their sincere cooperation in the conduction of this study.

![Scanning Electron Microscopy images of *S. mutans* with an orthodontic wire placed in a. positive control, b. negative control c. *Rhus coriaria* L. water extract with a concentration of 1.562 mg/ml.](IJM-6-269f1){#F1}

###### 

Mean size (diameter) of growth inhibition zone of understudy bacteria due to exposure to different concentrations of *Rhus coriaria* L. water extract

  Microorganisms        Concentration (mg/ ml)                                     
  --------------------- ------------------------ --------- ------------- ---- ---- ----
  ***S. mutans***       21±0.00                  15±1      nd            nd   nd   nd
  ***S. sanguinis***    29.33±3.05               20±0.00   13.66±0.577   nd   nd   nd
  ***S. salivarius***   19.33±2.08               13.0±1    11±1          nd   nd   nd
  ***S. sobrinus***     31±3.6                   23±2      13.33±1.52    nd   nd   nd
  ***E. faecalis***     17.66±2.51               11±1      nd            nd   nd   nd

Mean diameter of growth inhibition zone± SD in mm nd: Growth inhibition zone not detected

###### 

MIC and MBC of *Rhus coriaria* L. water extract against five studied bacteria.

  Microorganisms    MIC (mg/ml)   MBC (mg/ml)
  ----------------- ------------- -------------
  *S. mutans*       1.562         6.25
  *S. sanguinis*    1.562         3.125
  *S. salivarius*   1.562         12.5
  *S. sobrinus*     0.390         1.562
  *E. faecalis*     0.781         25

###### 

Reduction percentage of bacterial biofilm formation compared to the positive control group caused by different concentrations of *Rhus coriaria* L. water extract for each microorganism

                        1.5621   0.781   0.390   0.195   0.097   0.048
  --------------------- -------- ------- ------- ------- ------- -------
  ***S. mutans***       86.1     85.9    66.4    22.2    \-      \-
  ***S. sanguinis***    43.6     42.4    41.3    24.2    \-      \-
  ***S. salivarius***   79.1     75.3    20.5    10.6    \-      \-
  ***S. sobrinus***     \-       \-      91.6    83.9    73.5    68.5
  ***E. faecalis***     \-       76.4    74.5    54.9    40.6    \-

Not using the mentioned concentrations for the respective bacteria
